Osteoarthritis (OA) is one of the most common musculoskeletal disorders. It limits patients' functionality and life satisfaction significantly. Although there are numerous types of therapy, the success rate of conservative treatment is limited, and it is often necessary to introduce surgical treatment. Therefore, new effective methods of therapy for OA are being tested and submitted. Endogenous hyaluronic acid (HA) is a natural ingredient of many tissues in the human organism, including synovial fluid. Viscosupplementation with the usage of HA is a relatively new method for treating degenerative joint changes. By virtue of its good safety profile and simplicity of application, it is increasingly used as an alternative or addition to classic conservative treatment. In this work, we attempted to summarise the current state of knowledge of HA usage in OA treatment based on literature.
Introduction
Osteoarthritis (OA) is considered to be one of the most common diseases of the musculoskeletal system. According to estimates, in the world population this matter concerns the majority of patients over 70 years old [1] , more often women and obese individuals [2, 3] . Taking into account the wide epidemiology of this disorder and the considerable decrease in sufferers' quality of life, new research is being conducted to find original and effective therapeutic solutions to prevent the occurrence of the disease or slow down its progress. Currently used treatment methods are divided into two categories: conservative (pharmacological and nonpharmacological) and surgical. Firstly, every case should be treated with a conservative method. There are many possibilities of nonsurgical and pharmacological treatment, including among others viscosupplementation.
Viscosupplementation that uses hyaluronic acid (HA) specimens is a relatively new method for treating degenerative joint changes. By virtue of its good safety profile and simplicity of application, it is increasingly used as the alternative or addition for classic conservative therapy. It is suggested that by decreasing pain it allows a reduction in the dosage of analgesics, both nonsteroidal and opioid, and it delays the time when replacing the affected joint or introducing another surgical procedure is necessary [4] . It has been shown that using HA postpones total knee arthroplasty by 2.2 years on average [5] .
The aim of this paper was to summarise the current knowledge concerning the use of HA in OA treatment.
General remarks regarding hyaluronic acid
Karl Meyer and his assistant, John Palmer, are considered to be the discoverers of HA because they were the first to isolate this substance from the eyeball of an ox in 1934. The etymology of the substance that they discovered partly comes from the presence of uronic acid in the molecule. The prefix in the word hyaluronic reflects a prime tissue from which the acid was isolated because the Greek word hyalos means vitreous humour of the eyeball [6] . Hyaluronic acid is an endogenous polysaccharide occurring in vertebrates in extra cellular matrix (ECM) of many mature tissues. The largest amount of it is found in skin, epidermis, synovial fluid, articular cartilage, and umbilical cord [7] .
Endogenous HA is a natural ingredient of many tissues in the human organism including synovial fluid (produced by chondrocyte and synovial membrane cells). It has been shown that in the course of various pathological processes within joints, mainly with inflammatory foundation, the concentration of HA in synovial fluid changes, which could intensify their dysfunction. In the early 1960s, Balasz and Denlinger [8] introduced the idea of supplementation with exogenous HA to improve synovial fluid properties and to decrease pain ailments. Shortly afterwards there were the first studies on animal models and attempts to treat racehorses. In 1997, HA received Food and Drug Administration (FDA) acceptance to treat people. Currently, HA is used mainly for OA of the knee because there is the greatest scientific evidence and literature confirming the legitimacy of this kind of action. More and more efforts are being made to use this therapy within other joints.
From a biochemical point of view, HA is a biopolymer that contains molecules of glucuronic acid and N-acetyl glucosamine that are connected by β-1,4 glycosidic bonds [9] . Under in vivo conditions the molecules of HA are highly polarised, whereby they bind well with water. This results from the complete ionisation of all carboxyl groups, both glucuronic acid and N-acetyl glucosamine [10] . The molecular weight and length of acid molecules depend on the number of polysaccharide molecules in the chain (10 million -25 thousand disaccharide subunits). The average molecular weight of acid molecules ranges from 6 to 12 MDa [11] , depending on the localisation and state of tissues. It has been observed that in the synovial fluid of healthy joints the weight of polysaccharide is around 7 MDa, and in diseased joints it is 4.8 MDa [12] . Many kinds of cells have the ability to biosynthesise HA -among others: fibroblasts, synovial cells, endothelial cells, and oocytes. Catabolism of the substance happens quickly -in from 12 h to a few days. According to data, during 24 h 1/3 of the total amount of acid in the organism undergoes the exchange and degradation (that means about 3-4 g for a person who weighs 60 kg). The duration of acid in the tissues depends on, to a small extent though, molecular weight. Moreover, it has been shown that inflammatory conditions increase the degree of HA degradation [13] .
In the joints, endogenous HA is a natural component of synovial fluid, and it works both mechanically and biologically [14] . Hyaluronic acid increases the viscosity and elasticity of the synovial fluid that helps it to work as the "lubricant" (protection during slow movements) and as the shock-absorbing agent (protection during sharp movements) [15] . Its physiological role is connected with maintaining the integrity of the cartilage by lubricating and influencing the metabolism of chondrocytes [16] . The two main substances produced by synovial cells are lubricin and HA. They reduce the mutual friction of the articular surface and, therefore, they inhibit the progression of degenerative changes [17, 18] .
The exact mechanism of activity of HA in the joints is unknown. The following theories are the most popular: 1) the role in restoring the viscoelastic properties of synovial fluid, 2) the stimulation of chondrocyte to produce endogenous acid, 3) the analgesic effect exerted by acting on nociceptive receptors, 4) reducing the inflammatory process, and 5) stimulating the growth of chondrocytes, inhibition of their apoptosis, and the stimulation of collagen synthesis [19] . There are scientific data confirming each of the listed theses [20] . It has also been demonstrated that HA decreases the level of proinflammatory cytokines in the synovial fluid of patients treated for OA (prostaglandins, cytokines, CAMP, and others) [21] [22] [23] [24] . Moreover, it directly influences the leukocytes' activity by decreasing their proliferation, migration, adherence, and phagocytosis. In vitro research also confirms the ability of HA to stimulate the endogenous production of HA and other glycosaminoglycans [25] .
For the medical purposes and research, it can be obtained by isolation from the tissues or by advanced biomolecular methods that use the natural bacterial enzyme systems for production (strains of bacteria Streptococcus species are the most commonly used). It should be noted that currently used specimens with intra-articular HA differ from one another primarily in concentration and molecular weight, which remain in correlation with each other. According to EULAR [26] it is possible to distinguish HA specimens with low molecular weight (LMW) HA (molecular weight: 0.5-0.73 m Daltons) and intermediate molecular weight (IMW) HA (molecular weight 0.8-2.0 m Daltons). Specimens at 1% concentration have a low molecular weight while the specimens at 2.2% have an intermediate molecular weight. For instance, the specimen Biolevox HA from Biovico is a medium-molecule specimen (with molecular weight: 1.5-2 m Da) and acid concentration 2.2%. Furthermore, in one pre-filled syringe there is 44 mg of HA. This division is important because, according to scientific studies, specimens of HA with different molecular weights differ from one another in terms of therapeutic effect achieved in various joints. Viscoelasticity results that have been obtained show that the viscoelastic properties of LMW HA specimens are inferior to IMW HA. The effectiveness of different specimens may also be affected by the supply amount of HA. The specimens with 1% concentration in one 2-ml pre-filled syringe contain 20 mg of the HA, which throughout five injections gives 100 mg. In the case of specimens with, for example, 2.2% concentration, there is 44 mg of the HA in one pre-filled syringe, which throughout five injections totals 220 mg of HA. The studies suggest that when the molecular weight of HA increases, the duration of the positive effects of its application is extended [27] .
It should be noted that the number of acid injections should depend on the joint size and primarily on the specimen kind and its molecular weight [28] . Acids having a linear structure possess a shorter halflife than acids with a large number of crosslinks. One of the hypotheses explaining the mechanism of HA activity assumes that its effectiveness depends on the duration of the contact of the specimen with structures within the joint (especially the cartilage and the synovium) [29] .
Rare but present side effects of HA usage should also be discussed. Among the systemic ones, generalised allergic reactions are acknowledged. Local, more frequent side effects than systemic should include local inflammatory reactions with various intensities. The local symptoms may occur in 1-3% of patients [30] . Pain ailments and pruritus usually disappear within three days. There is the evidence suggesting that with the decrease of the molecular weight of the specimen the risk of side effects of their use also decreases [30, 31] .
Medical applications of hyaluronic acid
In 1997 the FDA gave permission to use HA in the treatment of people. The range of its application at present is wide, and HA specimens are used in many medical specialties. In aesthetic medicine and dermatology the main use of this preparation is filling broadly defined skin imperfections, mainly of the face, including the elimination of wrinkles on different locations and correction of facial features. The acid is also used in lip-filling and lip augmentation [32] . From a dermatological and a variety of treatment specialties point of view, the acid and its derivatives are a very important part of wound healing and skin regeneration [33, 34] . The effectiveness in wound healing was also shown in patients after excision of tonsils. Moreover, the usage of HA decreased postsurgical pain in this group of patients [35] . Another application of hyaluronic acid specimens in otolaryngeal practice is associated with supporting the regeneration process of perforated eardrum [36] . Hyaluronic acid is also applied in ophthalmology and other medical fields.
The role of hyaluronic acid in degenerative arthritis treatment
Injections of HA are a commonly used method for treating OA of the knee [37, 38] . In 2012 in the American College of Rheumatology (ACR) guidelines for knee OA treatment, there was a recommendation to use HA in patients whose results after primal treatment were unsatisfactory [39] . On the other hand, according to AAOS recommendations from 2013, the use of HA in medication of OA is decisively discouraged [40] . This is partly because of some studies that suggest that the use of such therapy is no more effective than placebo [41, 42] . Despite this, a significant percentage of available studies show that the use of acid injection is an effective treatment of this disease. In 2015, Henrotin et al. [43] published a paper that summarises the position of eight experts in the field of osteoarthritis in terms of viscosupplementation. One of the postulates on which the authors reached a consensus was the recognition of HA as an effective medication for osteoarthritis of the knee in mild to moderate degree. Furthermore, it was stated that this method is well tolerated both in OA of the knee and in other joints and it should not be recommended only as an alternative for other treatments that have failed. Meta-analysis showed HA efficacy in therapy for degenerative changes in the knee with a different range of severity -from high to minimal compared to the control group that received a placebo [44] [45] [46] [47] . According to Bannuru's et al. [48] , the positive effects of HA on OA (mainly pain ailments due to the lesions) remained for over 6 months after injection. The first effects were observed after 4 weeks, reaching the top effectiveness in the eighth week. As stated in the results, using the acid helped to achieve better outcome in patients than using paracetamol, non-stereoidal anti-inflammatory drugs (NSAIDs), and selective inhibitors COX-2 [49] [50] [51] . Other studies have not shown positive effects of this kind of therapy [52, 53] . A meta-analysis published in 2014 compared the relative efficacy of HA and oral NSAIDs in treatment of OA of the knee. According to the results, HA therapy did not show increased effectiveness in improving the functionality, or reducing the pain or joint stiffness, in comparison with oral NSAIDs. Measured parameters after 4 weeks, 12 weeks, and at the end of the study were similar; in both cases improvement was moderate. The authors suggest that injections of HA may be an alternative to medication with oral analgesics, particularly in the elderly, because of the increased safety profile of drugs and lower risk of serious side effects in comparison to NSAIDs [54] .
The large discrepancy in the results of research in this field, even in the case of systematic reviews and meta-analyses, is puzzling. Campbell et al. [55] have shown that, although the authors whose studies they analysed asked a similar research question, each of the research projects differed greatly in many methodological aspects. Therefore, it seems that it is precisely the methodological differences of individual papers that cause such a disparity in the results.
Treatment of OA of the other joints is documented in the literature to a much lesser degree. Despite the lack of substantial evidence, there are attempts to treat OA of different joints, in particular: hip, ankle, shoulder, and metacarpophalangeal joints (MCP) [56] .
Due to the good results in the treatment of changes within the knee joint with HA, there have been attempts to treat OA of the glenohumeral joint with the use of HA specimens. The first studies are promising but equivocal. It has been demonstrated that the HA was effective in patients with healthy rotator cuff, but in the case of damage or coexistence of adhesive capsulitis effects were limited [57, 58] . The study by Blaine's et al. [59] on a cohort of 660 patients showed that injections of HA are an effective therapeutic approach with a high safety profile, both in patients with isolated degenerative changes and in patients with concomitant pathologies in joint areas. The safety of repetitive HA injections has also been identified in the research conducted by Kwon et al. [60] . According to Colen's et al. [61] systematic review published in 2014, which took eight papers into account, using acid was the more effective method of decreasing pain ailments and improving patients' functionality. The authors indicate, however, that the results of applying the specimen have not reached the minimum clinically significant difference compared to placebo. In another study Colen et al. [62] suggest that currently there is no strong evidence to support HA preponderance over other conservative methods such as injections of corticosteroids (CST) or physiotherapy.
There are also attempts to treat OA of MCP joints with HA. According to the reports of experts from the Italian Society of Rheumatology, in prospective studies it was possible to observe the decrease of pain and improvement of functionality in MCP joints after application of HA specimens in comparison to the pre-treatment period. The experts indicate, however, that there is no evidence that the application of HA specimens has a greater significance than the use of placebo [63] . In agreement with Fuchs et al. [64] , the use of injections with sodium derivatives of HA was effective in terms of reducing pain and improving functionality in the MCP joint. The study also contained a comparison between HA and steroids efficiency. It was shown that the effects of steroids occur much more quickly, but the durability of the effect after HA injections is longer. A slightly different position in terms of applying HA is presented by the ACR, whose guidelines do not recommend applying HA and corticosteroids in OA of MCP joints due to the insufficient amount of evidence proving effectiveness of these specimens [65] . Some of the research highlights the wider importance of HA in improving the functionality of affected joints and the more significant role of CST in reducing pain [66] . It should be noted that at the moment there are no studies showing the significance of acid injection with different molecular weights in the discussed joint [67] .
In the case of degenerative changes in the hip joint, information on the use of HA is also divergent. According to the data, the use of HA was effective in mild and moderate degenerative changes in the hip joint, but in patients with severe changes, which qualify the patient for total hip replacement, the role of injection was on the placebo level [68, 69] . Also, Henrotin et al. [70] concluded that hyaluronic acid viscosupplementation could not be considered as an alternative to replacement in advanced hip osteoarthritis. A systematic review of Fernandez Lopez's et al. [71] literature suggests that the use of HA may be effective in terms of alleviating pain in patients with symptomatic OA of the hip joint; however, the authors' advise introducing this procedure after failure of other conservative treatment. Concurrently they underline the small amount of available literature that focuses on this subject and, in many cases, their methodological limitations. According to Qvistgaard et al. [72] the effects of using HA compared to injection of CST were worse, and they observed a low level of improvement in comparison to the moderate level after using CST. In their paper the authors also emphasise the higher costs of applying HA specimens compared to steroids. River's [73] research published in 2015 shows that a single HA injection with high molecular weight is an effective method for treating hip OA. The results were observed after a 3-month period starting from the beginning of the therapy, and remained for a year. To summarise, application data of HA in hip OA are divergent, but it appears that the therapy may be an alternative or complement to the classic methods of conservative treatment.
The specimens of HA were also used in patients with arthritis of the ankle joints. One research project demonstrated the effectiveness of acid in terms of decreasing pain and improving functionality in patients with I and II degree ankle joint OA on the Kellgren-Lawrence scale [74] . However, according to review by Cochrane from 2015 [75] , available data are too discordant and unclear to make explicit conclusions. It is possible that using HA is well grounded in the case of insufficient patient response to commonly used analgesics.
Conclusions
Available literature on the effectiveness and appropriateness of applying hyaluronic acid preparations is ambiguous. However, it seems that HA injections are a potentially effective and safe method for treating mild or moderate changes in joints, and simultaneously they have a lower risk of side effects of therapy as compared to NSAIDs or CST. Viscosupplementation is, therefore, a valuable complement to the methods of conservative treatment of OA.
